Theoretical calculations were made to determine the influence of site specific 'melting 1 and 'stabilizing' proteins on the thermal stability of nearby base pairs (bp.)-A DNA sequence 999bp. long containing the 123 bp. lactose operon control region in the center was examined. Melting curves of base pairs near the binding sites of the catabolite activator protein, CAP, the lactose repressor, and RNA polymerase were calculated in the absence and presence of each protein.
INTRODUCTION
Over the past two decades much evidence has shown that transcription is controlled by the interaction of RNA polymerase and affector proteins (repressers and activators) with specific DNA regions. Site specific protein-DNA interaction is the molecular basis for other metabolic processes associated with DNA as well. A complete understanding of the highly specific recognition process is not available. A basic feature of DNA which must be involved in pro- quantitative estimates exist on the local influence of a site specific protein.
In this work I examined the influence of site specific 'melting' and 'stabilizing' proteins on the thermal stability of base pairs 20 to 100 bp. away from the site. This was done by calculating the probability that a base pair is hydrogen bonded in the presence and absence of a nearby site specific protein.
The transmission of stability or instability (telestability) to the base pair was quantified by the difference in its melting temperatures with and without protein.
The loop entropy model of the helix coil transition of DNA was employed.
This model is an empirical one. It has been used to determine the thermodynamic properties of nucleic acid oligomers and polymers.6-8 T j, e DNA sequence examined is the Escherichia coli lactose operon control region ( Figure 1 ).
Although this study cannot determine detailed information on conformational changes, it provides estimates of transmitted free energy changes. The results
show that melting and stabilizing proteins alter the stability of the DNA regions surrounding them. Local nucleotide composition and sequence strongly influence the magnitude and range of the transmitted changes.
THEORETICAL METHODS

A. Melting of a base pair inside a long DNA
The loop entropy model of the DNA helix-coil transition has been previously described. ' ' Several melting curve calculations have been presented using this model for a DNA with a random distribution of A-T and G-C base pairs.**~1 2 Crothers showed that the probability of melting one internal base pair strongly depends on the local base pair composition. This calculation employed a coarse 
Computational method
The method of calculating the DNA partition function and the probability of base pair melting is similar to one previously described in detail.** The small changes in procedure employed here provide a more accurate correlation between the DNA configurations and their statistical weights. Given a specific sequence of N base pairs with % A-T and Ng G-C pairs, we separate the partition function ZJJ into four groupings: All configurations starting with a helical base pair and ending with an unbonded or 'coil' base pair.
All configurations starting with a coil pair and ending with a helical pair.
All configurations starting and ending with a coil base pair.
The partition function is the sum of these four terms. The method of calculating 
I I
We will number the base pairs starting from the right. The terms described above are 
(4a)
Continuing the process to higher N one finds
The process used to obtain Z 3 above is in general for Z n-2 n-2 Z n-1
To obtain the probability that the j 11 base pair is broken one needs
where 3. = s ,~z-
One method of calculating 6.(T) is to calculate Z from equation (5) and then obtain (3. G + 3-H^) from equation (5) Therefore a rapidly binding protein which is observed in a melted complex B will most likely recognize its DNA site as a duplex. We assume this to be the case below. 
ILXJI (o)
T is the temperature at which one is examining the melting curve. T. and T are the temperatures where AG AT and AG -equal zero.
When the melting protein is present, the probability that the site is duplex/ melted is
K_P greater than one, K-PR is much greater than one for temperatures in and below the T region of the DNA. Since this is usually the case, a very m good approximation for R in and below the transition region is
R will be empirically expressed in terms of new equilibrium constants * P * and s, for the protein site. This will allow the use of the DNA melting "A5C AT theory presented above. 
When the stabilizing protein also forms complexes at independent non-specific sites in addition to the specific site, K, is replaced by Kj/(1 + ^S). Nonspecific binding is also assumed to occur via Figure 2a .
RESULTS
Melting curves for specific base pairs inside the 999 base pair DNA shown in Figure 1 were obtained. This DNA has a randomly generated A-T/G-C sequence for 438 base pairs before and after the lac sequence. The base pair sequence -83 to +38 is the lactose operon control region, i.e. between the end of the i gene and the beginning of the B-galactosidase gene. The a^ priori probability of an A-T pair for positions in the random region was 50%. The same random sequence is generated for all calculations, and the j» posteriori % A'T content for the random regions was 50.6. The DNA is long enough so that end results do not influence the central 150 base pairs. Changing ten base pairs at the ends to G*C pairs did not alter the results.
The melting temperature, t , is the temperature where the probability of m a base pair being broken,9(t), equals O.S^t is temperature in °C, T is temperature in °K).Equation (15) or equation (17) are used to account for the protein's influence on the stability parameters of its site. The temperature, T, in the above equations must be the temperature at which the melting curve is being calculated. The rigorously correct approach would be to calculate the probability of base pair melting around 25-40°C, where the protein-DNA binding constants are measured. In this temperature range, however, the equilibrium probability of melting is small. To avoid the difficulty of interpreting differences between small numbers far from the transition, the protein -DNA binding constants are assumed to be independent of temperature.
A. Influence of site specific protein on surrounding base pairs
Melting protein effect
The effect of a melting protein binding to the CAP site was examined. This simulates a previously suggested model for explaining how the CAP-cAMP factor 2 3 when bound to DNA enhancesRNA polymerase action. ' The CAP site was taken to be 14 base pairs centered between base pairs -60 and -61. Ten base pairs, -65 to -56 were assumed to melt out due to CAP binding. The melting curves of base pairs between -47 and +38 were examined with and without melting pro-21 tein at the CAP site. Wu et_ al^ has determined that the association constant 9 -1 of CAP protein to DNA is much greater than 10 M . in a buffer of ionic strength 0.22. A binding constant of K 2 = 10 M was assumed for this work. Changes in K 2 by an order of magnitude do not alter the t changes by more than ±.02 C.
This indicates the results are not too sensitive to the K_ value. Also, the binding constant was effectively lowered by including non-specific binding.
A cellular concentration for CAP protein was estimated from experimental data to be 5 x 10 M. The non-specific binding constant was taken to be K. = 10 M -4 and the non-specific DNA concentration was 10 M. The latter value is close to the total DNA concentration while the former is the association constant estimated for non-specific binding of other site specific proteins. 
The influence of base pair distribution on transmitted instability
The influence of base pair distribution in the region surrounding the protein site was examined further. The previous result shows that a small composition difference can generate a significant change in transmitted instability. The sequence of nucleotides appears to be a dominant part of this effect. When the 11/18 A-T pairs between sites +6 to +24 are rearranged such that there are no more than three consecutive A-T pairsj(the new sequence is 0001010010101001010 with 0 a A-T, 1 a G*C) the t m decrease at base pair +24 is 1.14°C. There is no change in the t of base pair +24 when these two sequences are compared in the absence of a melted region. (Fig. 4) . The 100% A*T curve corresponds to replacing the variable sequence with all A"T's.
The 100% G -C curve is the result obtained with the variable sequence all G'C. is 0.31°C when the variable region is 100% G'C, and 0.1°C when this region is 100% A-T. Figure 5 shows that when an A'T rich region intervenes between a highly unstable site and a base pair, the transmitted instability is very large. When a G'C rich region intervenes,the transmitted change is small. These results can be physically understood as follows. An A'T rich section will tend to be thermally unstable. It stays duplexed because of stabilizing base pairs surrounding it. 
Stabilizing protein effect
The effect of a repressor protein on the surrounding DNA regions was also examined. The protein was considered to bind to the seventeen base pairs+3 to+19.
The site specific binding constant was taken to be K^=10 M with a protein concentration of 2x10 M. Non-specific binding was IC, = 10 M and the concentration -4 of non-specific sites, S=10 M. Table III shows The base composition of a protein site also effects the transmission of instability or stability. This is shown in Fig. 6 for a melting protein at the mRNA initiation site. Altering the base pair composition of the site from the lac sequence showed that the transmission of instability is largest when a melted site is G"C rich and smallest when it is A-T rich. This behavior is opposite that for the region intervening between a melting protein site and a distant base pair.
Summarizing the above results, one can make the following conclusion. The transmitted instability from a melting protein is largest when the protein site is G-C rich and the intervening region is A-T rich. Conversely the transmitted change is smallest when the melted region isA-T rich and the intervening region is G-C rich.This observation maybe relevant to the functional role of A-T/G-C blocks in DNA. Adjacent G-C rich and A-T rich regions have been found in DNA 26 sequences; near the replication site of * X 174 virus DNA, and in the promoter 27 3 regions of the Escherichiacoli tyrosine transferRNA gene and the lactose operon. Also the3'endsof severalmRNAs terminated in vitro show a string of six to eight 28 uracils preceded by a G'C rich sequence. A discussion of the possible role of telestability in RNA polymerase termination will be presented elsewhere (manuscript in preparation).
One of the questions this study set out to examine was whether the CAP-cAMP complex, and positive effectors in general, can enhance RNA polymerase binding by transmitting thermal instability through DNA. The calculations show that if CAP protein produces a melted region where it binds, it will decrease the energy required to open up the DNA region 40-80 base pairs away by about 800 calories. This region, -20 to +20 has been established as an RNA polymerase 23 24 site by enzyme protection experiments and electron microscopy . 800 calories is about one third the activation energy required to explain the 50 fold increase in RNA polymerase activity due to CAP stimulation in vivo. 5 it may be argued that summing the free energy change over the entire 40 base pair region is unjusti£ied ) since not all base pairs will be interacting with polymerase.
However, the possibility of intermediate states involving the entire region makes this qualm less certain. If the CAP stimulation is due to telestability, it will probably function by providing a low energy pathway between DNA conformations similar in equilibrium energy but separated by a large activation energy barrier. ACKNOWLEDGEMENT Support of this work by a grant (PCM76-04565) from the National Science
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